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Abstract
Background: Rehabilitation is seen as crucial in dealing with the demographic change in many European
countries. In Germany, for example, after having stayed in a rehabilitation center, patients have the possibility to
participate in aftercare programs aimed at promoting long-term health behaviour. Despite the relevance of follow-
up support for patients’ long-term health and work ability, participation rates in aftercare programs are quite low.
Here, web-based aftercare programs can be a viable alternative to the traditional face-to-face programs due to their
flexibility in time and location. This research project aims to use quantitative and qualitative methods to gain more
insight into the potential of web-based aftercare programs.
Methods: The goal is to recruit up to 1150 patients at baseline in five rehabilitation centers across Germany. For
ethical reasons, partially randomized experimental study design is used to quantitatively assess the effectiveness of
web-based aftercare programs. All patients are offered the traditional face-to-face aftercare treatment (IRENA). When
patients deny to participate in traditional face-to-face aftercare, they are randomly distributed into either web-based
aftercare (digIRENA) or a control group. In all three groups, the SF-12, which measures subjective health, and the
WAI, which measures working ability, will be used at baseline, 13 weeks, 26 weeks and 43 weeks after the patients
have left the rehabilitation center. BREQ-2, which measures motivation, is used only in the traditional aftercare
group and the web-based aftercare group. A multivariate analysis of variance with repeated measurement and
latent growth curve models will be used to compare the development of the variables in the three groups. For the
qualitative part of the study, interviews with patients and therapists will be conducted to shed light on the
applicability, acceptance, and usability of web-based aftercare programs.
Discussion: This study may provide valuable insight into the potential of web-based rehabilitation aftercare
programs as a way to supplement traditional face-to-face programs. This seems particularly promising if it can
manage to reach those patients who do not currently participate in traditional face-to-face rehabilitation aftercare
programs due to time and location constraints.
Trial registration: The trial has been registered at the German Register of Clinical Studies (DRKS) with the
registration number: DRKS00022467.
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Background
The demographic change in European countries is associ-
ated with a shrinking and ageing of the population [1, 2].
These changes are associated with an increase of
people receiving a pension, even though there are less
people in work who can support this welfare system.
This development points towards the importance of
promoting actions that aim at improving the health
of the working population [3].
One important asset in the promotion of health of the
working population is the rehabilitation sector. The aim
of rehabilitation is not only to support the recovery
process, but also to help patients develop a healthier life-
style. Studies show that a long-term effect of rehabilita-
tion is difficult to achieve and depends largely on the
follow-up support [e.g., [4, 5]]. For instance, in Germany
patients have the possibility to participate in an intensive
rehabilitation aftercare program after having left the re-
habilitation center. Although the costs for this program
are covered by the German pension insurance fund, less
than 15% of the patients participate in aftercare pro-
grams [6]. There are several reasons that may explain
this discrepancy between a program that promotes the
long-term effects of rehabilitation and the low number
of patients that take advantage of this possibility. One
main reason is that it is difficult to find time after having
returned to work to visit the facilities where aftercare
programmes are offered, often during limited time slots.
Furthermore, especially in remote areas, the distance be-
tween the place of residence and the nearest facility may
be too big for regular participation.
The development of technology associated with the in-
creasing possibility of web-based platforms may provide a
promising alternative to traditional face-to-face aftercare
programs. While new technologies open up possibilities
for the entire health care system [7], the term telerehabil-
itation refers specifically to the delivery of various rehabili-
tation services via web-based technologies [8]. Web-based
rehabilitation aftercare programs could help make health
care services more efficient, more accessible and more af-
fordable to larger parts of the population [9]. Irrespective
of location and time, patients and therapists can commu-
nicate with each other via a web-based platform. The pa-
tients do not need to be physically present in the
rehabilitation facility and can be supported by supplemen-
tary information material via the platform. This flexibility
appears to be particularly promising in light of the low
number of patients taking part in aftercare programs [10].
Web-based rehabilitation has been shown to be effect-
ive in the treatment of cardiovascular diseases [11],
neurological applications [12] and in orthopaedic re-
habilitation [8, 13]. In addition, empirical evidence sug-
gests that web-based rehabilitation might be a cost-
effective tool, compared to traditional rehabilitation [14].
Despite the evidence for clinical and cost effectiveness,
web-based rehabilitation is still not widely disseminated
[15]. Besides general scepticism about the dangers of the
increasing influence of technologies, potentially bringing
precarious employment conditions for medical staff [16],
another reason may be the lack of studies focusing on
more “soft” parameters such as work ability, subjective
health, and motivation. The work ability is a result of
factors that enable a person to successfully deal with
their work demands [17]. A low work ability has been
shown to predict the risk of long-term absence at work
[18] as well as an early retirement [19]. Subjective health
refers to how an individual perceives their own state of
health, which might differ from objective health parame-
ters [20]. Longitudinal studies have shown that the sub-
jective health is a predictor of the use of health services
[21], and also mortality [22]. Finally, considering the im-
portance of a long-term behaviour change, a plethora of
studies highlights that more autonomous types of motiv-
ation are associated with the adoption and maintenance
of a healthier lifestyle [23].
To conclude, web-based aftercare programs appear to
offer a promising alternative to traditional aftercare pro-
grams, which may help to ensure the long-term effects
of rehabilitation. Using a mix-method design, the pur-
poses of this current study are to assess the efficacy of a
web-based platform used in the aftercare of a rehabilita-
tion stay as well as to gain deeper insights into how a
web-based platform is perceived by therapists and
patients (see Fig. 1).
Methods
In order to fulfill the purposes of the study, a quantita-
tive and a qualitative study were conducted. An overview
of the study is depicted in Fig. 1.
Quantitative study
In order to examine the effectiveness of the web-based
aftercare an intervention study is conducted, comparing
a web-based aftercare program with traditional aftercare
program and a control condition.
Intervention
In this study, two rehabilitation aftercare programs are
implemented: the traditional face-to-face aftercare pro-
gram (IRENA; Intensified Rehabilitation Aftercare) and
the web-based aftercare program (digIRENA; digitized
Intensified Rehabilitation Aftercare). Both aftercare pro-
grams consist of 24 sessions and are tailored to the
orthopaedic conditions of the rehabilitants [24]. The
program has to be conducted by a qualified physiother-
apist who selects the contents of the aftercare program.
In the web-based aftercare program, the subjects receive
a comparable individualized program with the same
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number of sessions as the traditional face-to-face IREN
A. The web-based program is supervised by an external
team of physiotherapists, employed by the provider of
the web-based platform. Moreover, the web-based plat-
form provides tools such as relaxation exercises or cook-
ing recipes equivalent to the multimodal approach of a
traditional face-to-face aftercare program. In both pro-
grams, if patients do not attend a session for at least six
subsequent weeks, they are considered dropouts. If in-
active, the intervention provider in the web-based after-
care program can encourage the patient to remain in the
intervention. Patients in both aftercare groups are con-
tinuously supervised by qualified therapists during the
interventions. In case of possible harm from the inter-
vention, patients can be referred to appropriate treat-
ment. The participants in the control group receive
neither IRENA nor digIRENA. However, they have the
possibility to organize their own rehabilitation activities.
Finally, all patients can receive additional therapies de-
pending on their health status.
Sampling and participants
Patients with orthopedic complaints who have applied
for and been approved for rehabilitation on the prescrip-
tion of a primary care physician are recruited from five
rehabilitation centers throughout Germany. The inclu-
sion criteria are that patients are at least 18 years old,
have a basic knowledge of the German language, and
their primary diagnosis concerns an orthopaedic prob-
lem. Furthermore, only patients who are insured with
the public pension insurance Knappschaft Bahn See can
participate in the study, as the included rehabilitation
centres belong to Knappschaft Bahn See. When patients
are informed about the possibility to take part in an
aftercare program during their stay, they are also asked
to participate in the study. In case they give their con-
sent, they are assigned to three groups: (1) traditional
face-to-face aftercare program (IRENA), (2) web-based
aftercare program (digIRENA), or a control group. For
ethical reasons, a partial randomized controlled trial was
used. All patients are first asked whether they want to
take part in the traditional aftercare program (IRENA).
Only if they deny, they are randomly assigned to the
web-based aftercare program or the control group. This
means that the IRENA condition was offered preferen-
tially and the randomization referred only to the digIR-
ENA and control condition. Sealed envelops are used for
the randomization and patients only know their group
after opening the envelop. The envelops are distributed
with the goal to obtain a ratio of 1:1 between the two
groups. Due to nature of the study neither participants
nor staff can be blinded to allocation. As an incentive to
take part in the study, all patients who complete the
study with all measurement occasions receive a 50 Euro
Amazon voucher.
Because only a small number of studies exists in rela-
tion to web-based aftercare interventions, we chose to
take a conservative approach in the power analysis with
a small estimated effect size [8]. Conservatively estimat-
ing the effect size by Cohen’s f = .15, α = .05, 1-β = .80,
with three groups, a correlation among repeated mea-
sures of r = .30 and a design with three repeated meas-
urement occasions, on average, using an ANOVA with
repeated measures (within-between interaction), the cal-
culated total sample size is 573 participants, nearly
equally distributed over three groups. Since we expect a
dropout rate of about 50% [25], the plan is to recruit
1150 patients.
Data collection of quantitative study
The data collection started in January 2020. Due to the
pandemic, the rehabilitation centers did not receive any
patients from mid-March until about mid-May. To in-
crease the number of recruited patients, two more re-
habilitation centers joined the project in August 2020
(initially there were only three centers). The recruit-
ment of the patients is planned to finish in October
2021. In total, the data collection includes four meas-
urement occasions. The baseline measurement takes
place at the rehabilitation center before the start of the
Fig. 1 Overview of the aims, criteria, and methods of the digIRENA Study
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intervention, the first follow-up measurement 13 weeks
after the baseline, the second follow-up 26 weeks after
the baseline, and the third follow-up 43 weeks after the
baseline (see Fig. 2). The first three measurement occa-
sions represent the development of the outcome vari-
ables, approximately, before, during and at the end of
the intervention. Due to the limited duration of the
study, the last follow-up measurement is intended to il-
lustrate the sustainability of developments over the next
4 months. For the measurements 2–4, the question-
naires are directly sent to the patients, in accordance to
their preference via post or e-mail. A reminder is sent
in case the patients have not returned the question-
naires after 2 weeks.
Measures
The attendance, work ability, subjective health, and mo-
tivation will be measured to compare the development
of the three groups (i.e., web-based aftercare, traditional
face-to-face aftercare, control group). While the work
ability, subjective health, and motivation are assessed at
every measurement occasion, the attendance is not
assessed at the first measurement occasion. Further-
more, attendance and motivation are only assessed in
the web-based aftercare and the traditional face-to-face
aftercare groups.
Attendance
This part of the questionnaire was developed for this
study. Patients in the traditional face-to-face aftercare
group and the web-based aftercare group are asked (a)
how often they participated in their program and (b)
how many minutes within a week on average they
trained with their program. Furthermore, patients of all
three groups will be asked about their average weekly
participation in other sport activities.
Work ability
The German version of the Work Ability Index (WAI)
as an internationally established instrument is used to
measure the work ability of the patients [26]. The WAI
consists of ten questions with categorical and continu-
ous response formats, resulting in a score from a mini-
mum of 7 to a maximum of 49. This score indicates the
current assessment of one’s own work ability to deal
with the work demands. The WAI has been shown to
have an acceptable Cronbach s α = 0.78 [27] and to
predict an early work termination and long-term work
disability [18, 19].
Subjective health
The German version of the SF-12 is used to measure the
subjective health [28]. The SF-12 consists of 12 items
with dichotomous and continuous response formats,
which comprise the two dimensions physical and mental
health. Studies have shown good Cronbach s α = 0.83
for physical health and α = 0.87 for mental health [28].
Moreover, the SF-12 can be used independent of the
current health status, and the questions have been
deemed as understandable and relevant [29].
Motivation
The Behavioural Regulation Exercise Questionnaire-2
[BREQ-2 [30]], translated into German, is used to meas-
ure motivation. The questionnaire consists of 19 items
with a five-point Likert scale, measuring five dimensions
of motivation: intrinsic motivation, identified regulation,
introjected regulation, extrinsic motivation, and amotiva-
tion. The reliability has been shown to range from ac-
ceptable to good for the different dimensions: intrinsic
motivation (α = 0.88), identified regulation (α = 0.83),
introjected regulation (α = 0.77), extrinsic motivation
(α = 0.77), and amotivation [α = 0.60; 30]. In addition,
the subscales show inter-correlations in line with
Fig. 2 Design of the quantitative study part
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theoretical considerations, and more autonomous types
of motivation are associated with a higher probability of
health behaviours [31].
Data analysis of quantitative data
Data are entered by research assistants and checked for
accuracy by an independent research assistant. All per-
sonal information is pseudo-anonymized. Missing data
are treated using either the multiple imputation or the
full-information maximum likelihood approach. A first
analysis will include all patients who intended to partici-
pate in the interventions and a second study will include
only those patients who actually completed the interven-
tions. A multivariate analysis of variance with repeated
measurements will be used to analyze the data. Add-
itionally, the development of work ability and subjective
health will be analyzed by latent growth curve models
[32]. These models allow the analysis of linear and non-
linear developments over time. A mediation analysis will
be conducted to test whether motivation mediates the
effects of the intervention on the attendance rate. The
effects of age and gender will be controlled.
Qualitative study
Parallel to the quantitative study, a qualitative study
using interviews will be conducted to examine the ap-
plicability, acceptance and usability of the web-based
aftercare program.
Data collection of qualitative study
Semi-structured interviews will be conducted with 13
therapists and 15 patients using the interview guidelines
developed in accordance with the criteria of qualitative
research (Tong, Sainsbury, & Craig, 2007). The content
of the interview guidelines for both patients and thera-
pists target applicability, acceptance, and usability of the
web-based aftercare program. Particularly, the questions
are formulated to assess the general experience with the
program, its evaluations, and suggestions for improve-
ment. It is intended to include patients who are still ac-
tively participating in the web-based aftercare program
as well as patients who had dropped out of this program.
The interviews will be conducted via Skype or over the
phone due to the current Covid-19 pandemic.
Data analysis of qualitative data
For data transcription and data analysis, the use of the
software MaxQDA is planned, which is explicitly de-
signed to support transcriptions and analyses of qualita-
tive data.
In order to specify the questions about the applicabil-
ity, acceptance and usability of the web-based aftercare
program, the data analysis is based on the Qualitative
Content Analysis [33]. The categories will be developed
as a combination of inductive and deductive category
formation. As a result, strategies for improving the ap-
plicability, acceptability and usability of the web-based
aftercare program will be developed. To ensure the
rigour of the qualitative study, all steps are carried out
by two independent researchers, implying an investigator
triangulation [34]. In addition, there will be meetings
with the other researchers of the team who will act as
critical friends helping to reflect on alternative interpre-
tations of the data [35].
Discussion
The purposes of this study are 1) to assess the efficacy of
a web-based platform used in the aftercare of a rehabili-
tation stay whilst looking at 1a) attendance, 1b) work
ability, 1c) subjective health and 1d) motivation as well
as 2) to gain deeper insights into how a web-based plat-
form is perceived by therapists and patients whilst look-
ing at 2a) applicability, 2b) acceptance and 2c) usability.
Due to an increased proportion of aging population in
Germany, web-based rehabilitation aftercare could be an
effective supplement to the traditional face-to-face re-
habilitation aftercare. It has the potential to reach those
people who cannot easily reach and not have access to
traditional face-to-face rehabilitation aftercare. As trad-
itional face-to-face rehabilitation aftercare suffers from
low level of usage due to inflexible offers in terms of
time and long distances to rehabilitation centers, web-
based aftercare could help tackle some of these
problems.
This study has several strengths and limitations. A
strength of this study is the design as a partially random-
ized control trial, which enables us to draw strong con-
clusions about the effectiveness of the intervention.
Additionally, the intended sample of the study is large
enough to find even small effects. Furthermore, the lon-
gitudinal structure of the study enables us to examine
development trajectories in the outcome variables. Fi-
nally, we use reliable and valid measures of the outcome
variables, which have been tested in a vast amount of
studies.
A limitation is that the corona pandemic partially
interrupted the course of the study so that we lost a part
of the participants due to this interruption. Therefore,
we requested to include additional clinics and to prolong
the duration of the study to reach the aimed number of
participants. It is possible that the interruption could in-
fluence the results of the study.
Trial status
The trial has been open for enrolment of participants
between January 2020 and October 2021. The planned
final assessment of the follow-up would be in July 2021.
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Due to the interruption caused by the corona pandemic,
we requested a prolongation of the study for 1 year.
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